
���������
	���
���������������������������� �!�"�#��
���$��%���

&	'��	��)(+*,$-��
&�
���
./�!
&	0.1�2�43 5�626 798%:�:";=<?>
@BA @BA @DCFEHGJILK MNA OPA @QCFGFRLSUTFK�MVA @DCXWYWYZ\[^]�Z _![�`?KaObAdc�A @QCFS
]UeF[JTXK�@BA @QRLEHGFRLSUTXK�fgA fhA @QRi]�]UjUkFK lgA lgA @QZYEHG/WYRnm�oXK fhA @QZ\[qp�RnWroXK
stA @vuqj
wxCX`FK lbAdyQCFS�SUeFWYWYTzK MNA {�A O�RxEie}|�j�G^ZY`XK ~�Ad�)CXSHE?�� C?kzK��)Ad�B��u�SURnG��FK%�bA �BRLeFSU�FRLTXK���Ad�Bu�WY��SHCX[Jp�j�Rn[J`FKac�Ad�BuJj
�/u�RxTXKy0A ��CXWYWYZ\|QRnWYWYkFKa�JA ��CF�b��WYRn[q�}KalgAdc�A ��CXSUSUZ\[��F]�e?[J�XK�y0A ��Rn[qp�RnSHj
e?[�`FKaOPA �JA ��eF����CF[JkXKafgA c�A ��e?W\WYZrj�k?KafhA ��eF�WYm��[Jj�G^Zr�}K

@0A ��e?W\wL��CX[ T KalgA ��eFSHp�CX[�e}�}C k Ka~�A �Fe?��[Jj�eF[ � Ka�JA ��A �hCX[�R ` Ka�gA �)�JCF[ � K�{�A �)u�WYZ\[JZYEH� ` K2y0A MVA �)u�e^�}K��qA stA �aRLR ` K
stA �)A ��Z\[ � K�c�A M�CX[JW\m��XKalbAdy0A M=ZY�F[�RLS�RLm�o}KafhA ��eFuJZYEnRnSHTi� k}KalbAd�0Wrj�wnRn|�j�G/ZY�XKafhA {�CFG�T}K ��Ady0A {�CXSUG��zKa�gA {�RnSU[�Rn�?�FRLS�`zK

y0A f�RnRxp�`?Kay0A f�eFWrCX[Jp�`FK ��A f�e?WYCF[Jp�`?K��qAdc�CX�?RnSURnSHkzK�{�Adc�CFS�ZY[�`XK%��A c�RLp�m/G/�JT?KqstAdc/G/u�Wrj
G/Zr�FKay0A ~�A c���Z\]��qkFK�{�A c/]�RnZY[/�qRLS��^TXK
��Adc�A �QA c^]URn���qCX[Jj�`FK2lgAdc/u�G/�JCX[Je}�/TXK�MNA @0A ��eF[}_!Rxj�oFK�lgA ��S�wLu��qRLG��XK2y0A ��CXWYRn`?K2��A �JA �}CX[ ��ZYRnu/|vRL[��/u�ZYwnRn[J`XK

fhA ��RnSHp�ZYRnSU`FK���A ��A ��RnSURLj�`FK��QA �&A �bA s�eFW\�¡j��FK2@BA s#e^j
ZYRnG��FK2��A s#e��wn[JZYCFG/�zK�@BA s,m�j��W\e?uJEH��`XK��qAd¢%�qCX[��?`
£b¤�¥!¦x§L¨^¨^©�ªQ«n¬!­®§x¨^«L¯Q°%«L±�§n¥
«n¬!§n¥�²}³&¤&¥!¦x§L¨^¨?©x³�´µ°+¶L·L¸x¹xºn»¡¸x¼L¸z¹X³D½D¾?¤¿�À�¥!§}§LÁXÂ/«�Ãz©H¨ ªQ«n¬!­®§x¨^«L¯v°%«n±�§L¥
«n¬!§n¥�²}³�½QÄF¬!§x¨q³2ªvÅ'ÆxÆ�ºxÇL¹i»µÈn·x·L·F³v½�¾?¤É ´Ê¨?Ëµ¬!­d¬!Ì?¬!©Í§LÎ�ªQÌ?ÏH¯®©�«n¥�Ð�Â}²FË�­®ÏHË�Ð�¤&ª0³�ÑD¥
«nÁ2Ò§LÓ�³�Ð�§L¯Ô«L¨/ÕÖ�×�«LË�Ë!«LÏ
ÂXÌ^Ë�©U¬�¬!Ëg´Ø¨^Ëµ¬!­d¬!Ì?¬!©b§LÎDÙ%©HÏ
Â^¨^§L¯®§x¦L²}³�Ú�«LÛ0±?¥!­ÔÕ?¦L©x³�×�¤Ü·xÝXÆ�¹Lºn»¡¸z¹L·zÇ}³�½�¾?¤ÞÍªD«i¬!­Ô§L¨/«n¯�Ú2©H¨}¬�¥
«L¯�½Q¨?­®Ãz©U¥!Ë�­d¬Ê²}³DÚ2ÂXÌ^¨^¦n»Ø°q­ß³DÙ%«L­dÓ�«n¨à�½v¨^­®Ãz©U¥!Ë�­d¬Ê²�§nÎ�´Ê¯®¯®­®¨^§x­®ËP«n¬�Ú2Â^­®Ï�«n¦x§F³DÚ2Â?­®Ï�«L¦L§?³&´µ°á¶x·x¶L·zÇ�»µÇn·zÈnºF³v½�¾?¤â ½Q¨^­®Ãz©�¥!Ë�­®¬Ø²�§nÎB×�«n¥�²F¯Ô«L¨/Õ�³QÚ2§x¯®¯®©H¦x©�Ð «n¥!Á�³Q×�ãäÝn·zÇi¸}ÝX³Q½�¾F¤åæ½v¨^­®Ãz©U¥!Ë�­d¬Ê²#§LÎ0ç&§}Ï�Â?©HËµ¬!©U¥�³&çv§}Ï
Â^©UËµ¬!©U¥�³Qª&ÅèÆH¸x¶zÝxÇ}³D½D¾?¤

Ù�Â?©�Ûh©�«nË�Ì?¥!©�Õ Ä?Ë�©HÌ/ÕF§L¥
«nÄ^­ÔÕ?­d¬Ê²NÕ?­®Ëµ¬�¥!­®±^Ì?¬!­®§L¨^Ë�§nÎBÄF¥!­ÔÛg«i¥�² Ï
Â/«i¥!¦x©�ÕNÄ/«i¥�¬!­®ÏH¯®©HË�§iÃz©U¥�«éÓ�­ÔÕ?©êÄ^Ë�©HÌ^Õ?§n»¥
«LÄ^­ÔÕF­®¬Ø²#¥
«n¨^¦L©æ§nÎbë ìqëXí�ÈXî ¸1«L¨/Õ#­Ô¨}¬!©H¦n¥
«n¬!©�Õ Ï
Â/«i¥!¦x©�Õ#Ä/«n¥�¬!­®ÏH¯®©æÛBÌ?¯®¬!­®Ä?¯Ô­®ÏH­d¬!­®©HËg­®¨VÕ�ïá¤vÌ�ÏU§x¯®¯®­ÔË�­®§L¨^Ë�«i¬
ð ñiò òôó ÝL·L·gõQ©Hö÷«i¥!©)Ä?¥!©HË�©U¨X¬!©HÕê«nË�«gÎYÌ^¨^Ï�¬!­Ô§L¨�§nÎ�ÏH§L¯Ô¯®­®Ë�­®§x¨éÏU©H¨}¬�¥
«L¯®­d¬Ê²}øBÙ�Â^©B¯®§L¨^¦x­d¬!Ì^Õ?­®¨/«n¯aÎY©�«n¬!ÌF¥!©HË�§LÎÕqï�¤vÌDÏU§x¯®¯®­ÔË�­®§L¨^Ë�«n¬ ð ñ ò ò ó ÝL·x·gõQ©Uö�«i¥!©�Îr§LÌ^¨^Õ�¬!§&±�©�Ãz©U¥�²�Ë�­®Ûh­®¯Ô«n¥�¬!§�¬!Â^§LË�©2Ë�©H©U¨0­®¨�Ä0ï#¤=ÏH§x¯®¯®­®Ë�­®§x¨^Ë�«i¬¯Ô§�Ó2©U¥�©H¨?©U¥!¦x­®©HËHø�Ù�Â^©&¬!§L¬
«n¯�ÛBÌ^¯d¬!­®Ä^¯®­®ÏH­d¬Ê²B§LÎqÏ�Â^«n¥!¦L©�ÕbÄ^«n¥�¬!­®ÏH¯®©HË�­®Ë2ÎY§xÌ?¨/Õ)¬!§0Ë�ÏH«L¯®©QÓ�­d¬!Âh¬!Â^©�¬!§L¬
«L¯�¨XÌ?ÛB±�©U¥�§LÎÄ/«n¥�¬!­®ÏH­®Ä^«L¨}¬!Ë�«nÏHÏH§L¥
ÕF­®¨^¦0¬!§�ªQùHú�ûüßý ó £¿/þ ªDÿ�� ��� � ª

ÿHÿ
üßý «L¨/Õ)¬!Â?©v©H¨?©U¥!¦L²hÕ?©HÄ�©H¨^Õ?©H¨?ÏH©�§LÎJ¬!Â^©vÕ?©H¨?Ë�­d¬Ê²h§nÎ%Ï
Â/«i¥!¦x©�ÕÄ/«n¥�¬!­®ÏH¯®©HË�ÄF¥!§XÕ?Ì^ÏU©�Õ�­®¨P¬!Â?©QÎY¥
«n¦xÛh©H¨}¬
«n¬!­®§L¨�¥!©H¦x­®§x¨�©��FÂ^­®±^­d¬!Ë�©��X¬!©H¨^Ë�­®Ãz©Q¯Ô§L¨^¦L­®¬!Ì^Õ?­®¨/«n¯qË�ÏH«L¯®­®¨^¦?ø

�
	���
���������������� �"!$# %�!�&('*) �"!$# %�!$# +�,-) �"!$# %�!$# .0/

yv�JCXSU�FRxp �JCXS�]�ZrEiWYRÍ�buJWÔ]UZ\��WYZrEiZ\]�ZYRLj��JCz�FR��%RnRL[áj
]�uJp�Z\RxpNR2143
]�RL[Jj�Z\�?RnWYmgZ\[���ZY�F��RL[�RnSU�FmbEneFWYW\Zrj�Z\e?[Jj2�qRxEnCXuqj
R�eF�q]U��R�Z\[^]US�ZY[Jj�ZYE
ZY[?]URnSURLj
]áZY[ u�[qp�RnSHj!]HCX[Jp�Z\[���]���R ��SUe�p�uJE�]UZ\e?[ ��RLEH�JCF[�Zrj
�éA
M=e?S�R�S�RxEiRL[?]�ZY[?]URnSURLj
]�EneF��RLj�ZY[ ]U��R=Eie?[?]UR21/]�eX�0j�RLCFSUEH�JZ\[��
��eFS0CX[Jp=j
]�uJp�m^ZY[��Í[JRn| ��eFSU��j�eX����C}]�]�RnS�]��JCX]0CXSURhR21��%RLE�]URLp
]�e1�qR�EiSURLC}]URLp ZY[N��RLCz�/m�Z\e?[VEie?W\WYZYj�ZYeF[JjgCX]Pu�W\]�SHCXSURnWrC}]UZ\�/Zrj!]UZYE
Rn[JRnSU�FZYRLjLA�l GFRnm65^uJCF[?]UZÔ]!m)]U�JC}]�Eie?[^]UCXZY[Jj�Z\[���eFSU��CX]�ZYeF[bCF�qe?u�]
]��JR�WYeF[J�FZ\]�uJp�ZY[JCFW�CFj��qRxE�]UjBeF�&]��JR��Pu�W\]�ZY�JCXS�]�ZrEiWYR���S�e�p�uqE�]�ZYeF[
��SUe�EiRLjUjLKxCF[JpB]��JCX]��JC?ja��SUe}�/ZYp�RxpB�zCFW\uqCX��WYR�ZY[���u�]a��e?S�p�ZrjUEiSUZ\�73
ZY[JC}]UZ\[��4�qRn]!|vRLRn[t����RL[�eF��RL[�eFWYeF�?ZYELCXWg��e�p�RnWrj�ZY[÷]��JR �JC?j!]
8�92: KbZrj�]U��R SHCX��Zrp�Z\]!mtp�ZYj
]�SUZY��u�]�ZYeF[�eX�ÍZrp�Rn[^]�Z�;JRxpt�JCXS�]�ZrEiWYRLjLA
s,��RL[1�JCFS
]UZYEnW\RPZYp�RL[^]�Z�;qEnCX]�ZYeF[�ZrjB[�eX])Cz�zCFZ\WrCX�JW\R?KJ]U��R�CFW\��e^j!]
R<5^u�ZY�}CXWYRn[^]g�Jj�RnuJp�eFSHCX��Zrp�Z\]!m1p�Zrj!]US�ZY��u�]UZ\e?[�eF�DEH�qCXSU�FRLp1�JCXS�]�Z�3
EiWYRLj1j
u>=ÍEnRLjLA ��eFSé]U��Zrj=S�RxCFj�eF[aK)j�uJEH�tp�ZYj
]�SUZY��u�]�ZYeF[qj=�JCz�FR
�%RnRn["j
]�uqp�Z\Rxp Z\[,p�Rn]UCXZYW�ZY[+�JCFp�S�e?[@? ��SUeX]�e?[ 8 A�: KQ�JCFp�SUeF[
?÷[/uJEnW\RLuJj 8 B�: KJCX[Jpê[/uJEiWYRnuqjC?÷[/uJEnW\RLuJj 8 D�: Eie?W\WYZrj
ZYeF[JjLA
c/Z\[qEiR�]���RE;qSUj
]�EieFWYWYZYj�Z\e?[Jj�|vRLS�R CFEH�JZ\RL�FRLp C}]é]��JR f�RnWrCF3

]�ZY�/ZYj
]�ZrE=��RxCz�/m ��eF["yveFWYWYZYp�RLSHG¡f�����yJI�K&]���R�{v�B�B@��)cáEieFW�3
WrCX�%eFSHC}]�ZYeF[ �JC?jge?��]UCFZ\[�Rxp R21/]�RL[Jj�Z\�?RÍZ\[���eFSU��CX]�ZYeF[Ne?[N�Jj
RLu>3
p�e?SUCF��ZYp�ZÔ]!m÷p�Zrj!]US�ZY��u�]UZ\e?[Jj1eF�ÍEH�JCXSU�FRxp÷�JCXS�]�ZrEiWYRLj1��S�e�p�uqEiRLp
ZY[él�uK?Vl�uéEneFWYW\Zrj�Z\e?[JjQ��eFSD[/uJEiWYRne?[>3µ[^uqEiWYRneF[éEiRL[^]�RnS�3µeX�(3µ��C?j�j
Rn[JRnSU�FZYRLjLGNM O ò ò I0�%Ri]!|QRnRn[ 9<P A QêCX[Jp A*R
R �BRL� CX[Jp#e}�FRLSBC
WrCXSU�FR�SUCF[��FRêeX�BEneFWYW\Zrj�Z\e?[ �FRLeF��Ri]US�ZYRLjLA s�Ré�JCz�FR�eF�qj
RLS��?RLp K
��eFSDR�1�CF����W\R?K/]��JCX]D]���R)�JCFS
]UZYEnW\R)p�Rn[qj
Z\]!mÍZY[æ]U��R)��Zrp�SHCX��Zrp�Z\]!m
SURn�FZYeF[�EH�JCX[J�FRLj)j���e^eF]���WYm1C?jhCæ��uJ[JE�]UZ\e?[�eF� M O ò ò 8 SF: CX[Jp
]��qC}]Q]���RB]�eF]UCFW�EH�qCXSU�FRLpÍ�JCXS�]�ZrEiWYR���SUe�p�uJEi]�ZYeF[êjUEnCFW\Rxj&WYZY[�RLCFS�WYm
|�Z\]���]U��R�[/u��b�%RnSQeX� �JCFS
]UZYEnZ\�qCX[^]Uj 8 Q : A���u�S�]��JRnSvp�Ri]UCFZ\WYRLp�e?�>3
j�RnSU�zCX]�ZYeF[Jj�eX�q]���R�j��JCX�%RDeX�q]���RD�Jj�RnuJp�eFSHCX��Zrp�Z\]!m)p�ZYj
]�SUZ\�Ju�]�ZYeF[
j���e}| Cbj�ELCXWYZ\[��PCFEnEneFSHp�ZY[��B]�eh]U��RUT�W\ZY��ZÔ]UZ\[��g��SUCF�F��Rn[^]UCX]�ZYeF[ V

�/m/�%eX]��JRLj�ZYj 8 W�: Aá�D��R�j
]�uqp�mNeX�0C�j�Z\����WYRnS�j�m/j
]�RL� j
uqEH�áCFj
pE? l�u CX]#]U��R"j�CF��RáRL[�RnSU�Fm C?j�l�uX? l�u ZYj Rxj�j�Rn[^]�ZrCXW
]Ue4�^CXZY[tZ\[Jj�ZY�F�^]#ZY[^]�e"|���ZrEH��C?j
�%RLEi]Uj#eX��]��JRáp�CX]UC,��e?W\WYe}|
��SUeF�ô]U��RéZ\[�Z\]�ZrCXWDZY[^]�RnSHCFEi]�ZY[��#j
]UCX]�Rxjbe?S��?Rn[�RLSUCFW&��SUeF�%RnS�]�ZYRLj
eF��]U��Ré�JCFp�SUeF[JZYEæ��S�e�p�uqE�]�ZYeF[ ��SUe�EiRLjUjLK&CX[Jp |���ZrEH� CFS�Rê]���R
EneF[Jj�R<5^u�RL[JEiRêeX��]U��Ré�FRLS�mNp�Z�Y%RLS�RL[^]�RL[/�^ZYSUeF[���Rn[^]HjPEnS�RxC}]�Rxp
ZY[=pZ?Vl�uéCF[Jpél�u[? l�u=Eie?W\WYZrj
ZYeF[JjLA
��[#]���Zrjg�aRn]
]URnSh|QR��JS�Rxj
RL[?]B]��JR�S�Rxj
u�W\]UjBeF�Dp�Rn]UCFZ\WYRLp#��RLCF3

j�u�SURn��Rn[^]Hj�eX��]U��R��Jj�Rnuqp�eFSHCX��Zrp�Z\]!mPp�Zrj
]�SUZ\��u�]�ZYeF[JjveX� ��SUZ\��CFS�m
EH�qCXSU�FRLp �JCXS�]�ZrEiWYRLjLKhp���\N]_^}pa`qKÍC?j�C4��u�[JEi]�ZYeF[ eX�éEieFWYWYZYj�Z\e?[
EnRn[^]�SHCXWYZ\]!m1ZY[ pb?"l�u Eie?W\WYZYj�ZYeF[JjPC}] M O ò òdc A*R
R �BRL� 8 eF:
e}�?RnSNC |�ZYp�R,�Jj
RLuJp�e?SUCF��ZYp�ZÔ]!m SHCX[J�FR+eX�Xf `�f>g S A D A �D��R
�qj
RLuJp�eFSHCX�JZYp�Z\]!mFK_`�K/ZYjDp�R�;J[�RLpêCFj�` cih W\[ 8 ]HCX[jGlk_^ A I : K^|��JRnSUR
k Zrj�]���R1Rn��ZYjUj�Z\e?[ CF[��FWYRéS�RLWYCX]�ZY�FRê]�e ]��JR�p�Z\SURLEi]�ZYeF[ eX�B]���R
p�Rnu�]URnSUeF["�%RLCF��A �D��R�S�Rxj
uJWÔ]Hj���eFSépm?tl�u Eie?W\WYZYj�ZYeF[JjêCXSUR
EneF���JCFS�RxpV]Ue l�un? l�u+EneFWYW\Zrj�Z\e?[Jj�CX[Jp ZY[�RnWrCFj
]�ZrEé�jG�o�pIj?V�
EneFWYW\Zrj�Z\e?[Jj0CX]ZM O ò ò c A*R
R �BRL� CFjB|QRnWYW�C?j0]�e��jGrq�s�Ka�6s-I
?t[/uJEiWYRnuJj�EneFWYW\Zrj�Z\e?[Jj�C}]�WYe}|vRLSQRL[�RnSU�FZYRLjLA
�D��Rgp�CX]UC�|QRnSUR)eF��]HCXZY[�RLp�|�Z\]��é]��JRg�bu�W\]�ZY��WYZYEnZÔ]!m�CXSUSUCzm�eF�

]U��Ræ{v�B�B@��)c1p�Ri]�RxE�]UeFS 8 P�: C}]Pf�����y0A��D��RêCXSUSUCzm�EneF[Jj�ZYj
]Uj
eF�&CX[=e�E�]HCX�?eF[JCFWa�JCXSUSURnW�eF��j
ZYW\ZrEie?[1p�Rn]�RLEi]�e?SUjLK�]U��R��BEi]UCF�FeF[�K
j�u�SUS�e?u�[Jp�ZY[���]��JRæZY[?]URnSHCFEi]�ZYeF[ S�RL�FZYeF[ ZY[VCX[VCX�J��S�e�1�ZY��C}]�RLW\m
Enm/W\ZY[Jp�SUZYELCXWh�?RneF��Rn]�SUm"Eie}�FRLS�ZY[��tf `�f4g BauvA A �D��Zrj�CFS�SHCzm+ZYj
CFu��F��RL[?]URLp��/m1]!|Qe1j�Ri]HjheX��]U��S�RLRæCX[J[^uJWYCFSgj
ZYW\ZrEie?[VEie?u�[^]�RnS
CFS�SHCzm�jnKJ]���R�f�ZY[��^jnKaCFW\e?[��Í]U��R��qRxCX�è��ZY�qR��¡CFS0��e?S�|DCXSHp=CX[qp
�qCFEHG/|QCFSUp0eX�/]U��R&ZY[^]�RnSHCFEi]�ZYeF[hSURn�?Z\e?[LG Bau R7w f `�f wxSau D I�A��D�JZYj
CFS�SHCzm�ZYj)Zrp�Rn[^]UZYELCXW�]�e�]U�JC}]huJj�RLp#Z\[ e?u�Shj!]UuJp�m�eF�Ql�ub?+l�u
EneFWYW\Zrj�Z\e?[Jj 8 W$: A �D�JRVj
Rn]�u��tCXWrj�e ZY[JEnW\uJp�RLjé]!|Qe,j
Rn]Uj=eF� 9 Q
jUEiZY[^]�ZYW\WrC}]UeFS Eie?u�[^]�RnSHjyG Bau RLw f `�f wyDpu S I1|��JZYEH� |QRnSUR uqj
Rxp



A

-5 -4 -3 -2 -1 0 1 2 3 4 5
0

5

10

15

20

25
η

/d
ch

d
N

η

d + Au 

200 GeV 

  0-20% 

 20-40% 

 40-60% 

 60-80% 

 80-100% 

 Min-bias 

� ´�õ0ø�Æ�� ×�©�«LË�ÌF¥!©�Õ Ä?Ë�©HÌ/ÕF§L¥
«LÄ?­ÔÕ?­d¬Ê² ÕF­ÔËµ¬�¥!­®±?Ì?¬!­®§x¨?Ë�§LÎhÏ
Â/«i¥!¦x©�ÕÄ/«i¥�¬!­®ÏH¯®©HËbÎ\¥!§xÛ Õbï ¤vÌ#ÏH§x¯®¯®­®Ë�­®§x¨^Ë�«n¬ ð ñiò ò9ó ÝL·L·gõQ©Hö «nË�«ÎrÌ?¨^ÏU¬!­®§L¨ê§nÎ�ÏH§L¯Ô¯®­®Ë�­®§x¨éÏU©H¨}¬�¥
«L¯®­d¬Ê²}ø�¾XÂ/«xÕF©�Õ�±/«n¨/Õ?Ëv¥!©HÄ?¥!©HË�©U¨X¬�ºx·��ÏH§L¨���ÕF©H¨^ÏU©�¯®©HÃz©U¯FËµ²FËµ¬!©HÛg«i¬!­®Ï�©U¥�¥!§n¥!Ëa«L¨^Õ�¬!Â?©�Ëµ¬
«i¬!­ÔËµ¬!­®Ï�«n¯?©�¥�¥!§L¥!Ëa«n¥!©¨^©U¦x¯®­®¦x­®±^¯®©xøBÙ�Â^©0Ûh­Ô¨?­®ÛBÌ^Û)»¡±?­\«nË&Õ?­®Ëµ¬�¥!­®±^Ì?¬!­®§L¨æ­®Ë�Ë�Â?§iÓ�¨ê«LËQ§xÄ�©H¨Õ?­Ô«nÛh§x¨/ÕFË��dÆ�·�	�ø

ZY[ ]��JRá��SUZY��CFS�m Rn�?Rn[^]1]US�ZY�F�?RnS�CX[Jp�Z\[�]���Ráe�
�Z\[JRáRL�FRn[^]
j�RnWYRLE�]UZ\e?[aA
�D��R EiRL[^]�SHCXWYZÔ]!m÷p�Ri]URnSU��Z\[JCX]�ZYeF[t|DCFj=�qCFj�RLp÷eF[÷]U��R e?�>3

j�RnSU�FRLp0]UeX]UCFW?RL[�RnSU�FmBp�Rn�%e?j�Z\]�RLpgZ\[h]U��Rvf�Z\[��BEie?u�[^]�RnSHjLKx~
��� ���?K
|���ZrEH�æZrjD��SUeF�%eFS�]�ZYeF[JCFW�]�eP]��JRB[/u��P�qRLSDeX�2EH�qCXSU�FRLp��qCXS�]�ZrEiWYRLj
��Z\]
]UZ\[��4]���Rxj
Ráp�Ri]URLE�]UeFSHjnA �D�JRáEH��e?ZYEnRNeX��]��JZYj#EiRn[^]USUCFW\Z\]!m
��RLC?j
u�SUR�|DCFjæ�JCFj�RLp+e?["R21/]�RL[Jj�Z\�?R1j!]UuJp�ZYRLjêu�]�ZYWYZ\wLZ\[��á�qeF]��
p�CX]UCæCF[Jp�M=e?[^]�R�yQCFS�WYeHGØM#yJIBj
ZY�bu�WrC}]UZ\e?[Jj�]U�JC}]hj�eFu��?�?]0]�e
��Z\[JZ\��ZYwnRQR2Y�RLE�]Hj2eX�qCFu�]�e�3µEneFSUS�RLWYCX]�ZYeF[Jj�e?[g]��JR ;J[qCXW�p�� \N]�� p>`
SURLj�u�WÔ]xA&�D��Rxj
R)R2Y�RLEi]Uj�ELCX[é�%Rgj
ZY�F[�Z�;qELCX[^]�|���Rn[éuJj�Z\[J��eX]��JRnS
EiRL[^]�SHCXWYZÔ]!mP��RxCFj�u�SURLj 8�9<R�: K?SURLj�u�W\]�ZY[��hZY[�Rn[��JCF[JEiRL��Rn[^]Uj�GØj
uJ�>3
��SURLjUj
ZYeF[qj�I�Z\[#]���R�SURLEneF[Jj
]�SUuJE�]URLp1��Zrp�SHCX��Zrp�Z\]!m=m/Z\RLWYp�j)eF�&u��
]�e�� B
R�� ��eFS�EiRn[^]USUCFWKG��%RnSUZ\�J��RnSHCXW(I�Eie?W\WYZrj
ZYeF[JjLAt�D��R1M#y
j�Z\�Pu�WYCX]�ZYeF[Jj#uJj�RLp�Z\[�]���R+j!]UuJp�mtZY[JEiWYuJp�Rxp �%eX]U�Ü���!�?�!�0�
8�9�9": CX[qpVl�M�{v� 8 9�A$: Rn�?Rn[^]P�?Rn[�RLSUCX]�eFSHjgEneFu���WYRLpN]�e C=��u�WYW
�)~&l0��� 8 9$B�: j�Z\�Pu�WrC}]�ZYeF[�eX��]���Rg{v�B�B@��)cêp�Ri]URLE�]UeFSxA
��eFuJSBC?p�p�Z\]�ZYeF[JCFW2EnRn[^]�SHCXWYZÔ]!m���RLC?j
u�SURLjLK�p�ZYjUEiuqj�j�RLpéZY[#f�Rn�!A

8�9<R�: K�|QRnSURÍEiSURLCX]�Rxp#ZY[ eFSHp�RnSg]�e�j
]�uJp�m#]��JRæp�Ri]HCXZYW\Rxp�R2Y�RLE�]Hj
eX�hCXu�]�e*3�Eie?S�SURnWrC}]UZ\e?[V��ZrCFj�RLjLA"f�C}]UZ\e^j�eX�B]���R1S�RxEieF[qj!]US�uJEi]�Rxp
p�� \�] � p>`Np�Zrj!]US�ZY��u�]UZ\e?[Jjbe?��]UCFZ\[JRLp���SUeF�ô]���RU;J�FRêEiRn[^]USUCFW\Z\]!m
��RLC?j
u�SURLj ��eFS�pJC}]UC�CX[Jp KxZY[Jp�Rn�%Rn[qp�Rn[^]�WYmFKz��e?Sa]U��RvM#y#j�Z\�Pu�WrCF3
]�ZYeF[qj&|QRnSUR���eFuJ[Jp�]UePCX�?S�RLRFK?�FZY�^ZY[���EieF[a;qp�Rn[qEiR�ZY[�]U��R0RL[^]�ZYS�R
��Ri]U��e�p�eFWYeF�?mFA��D�JZYj�Z\[���eFSU��CX]�ZYeF[aKx]UeF�FRn]���RLS�|�Z\]��PG/[�e}|�W\Rxp��FR
eX�q]���R�uJ[^�JZYC?j
RxpPM#yVj
ZY�buJWYCX]�RLp T!]US�u�]�� V)p�Zrj!]US�ZY��u�]UZ\e?[JjLKF��SUe*3
�/ZYp�RLpNC=EiWYRLCFSgEH��eFZrEiR�eF�v]U��RæEnRn[^]�SHCXWYZÔ]!m1��RxCFj�u�SUR��JCFj�RLp�eF[
]��JRêf�ZY[��1p�Rn]�RxE�]�e?SUjbCFjh]U�JC}]�|���ZrEH�Nm^ZYRnWrp�Rxp�]���RêW\RxCFj
]b��ZrCFj
eF[V]���Rê��RxCFj�u�SURn��Rn[^]LA1�µ]PZrjbZY���qe?S
]HCX[^]g]�e#[�eX]URÍ]U�JC}]P]���Zrj
j
]�uJp�m�eF[JW\mê��S�e}�/Zrp�RLpê�FuJZYp�CF[JEiRh|�Z\]��=SURLj��%RLE�]�]Ue�]���RPEH��eFZrEiR
eX� ~���� ���Q��eFS�]���RDR21��%RnSUZ\��RL[?]HCXWJEnRn[^]�SHCXWYZ\]!mh��RxCFj�u�SURFKFCF[Jpg]U��R
;J[JCFW/R21��qRLS�ZY��Rn[^]UCFW^pJ��\N] � p>`hSURLj�u�W\]Uj2p�eB[�eX]�S�RLW\m)ZY[�CF[/mB|DCzm

e?[�]���Rbp�Ri]UCFZ\WYRLp=j��JCF�qRgeF��]U��Rbp�� \�] ^}p>`ép�Zrj!]US�ZY��u�]UZ\e?[Jj���SUeF�
]U��RgM#y4j
ZY�buJWYCX]�ZYeF[JjLA
�D��R0�bu�W\]�ZY��WYZYEnZÔ]!m�j�Z\�?[JCXWrj�eX��~
��� ����|QRnSUR�p�ZY�^Zrp�Rxp�Z\[^]UeZ;J�?R

EnRn[^]�SHCXWYZ\]!m4��ZY[JjLKg|���RnSURVRxCFEH�÷��ZY[�Eie?[?]HCXZY[�RLp A�R�� eX��]���R
]UeX]HCXW0EnS�e^j�jæj
RxE�]�ZYeF[�A÷�JeFSæ]���Zrj�]UeV�qR�p�eF[JR1Eie?S�SURLEi]�WYmFKQ]���R
]US�ZY�F�?RnSQCX[Jp��?RnS�]�R�1/ZY[��PR2=ÍEiZYRn[JEnm��JCFp�]UeP�%R)p�Ri]URnSU��ZY[�Rxp���eFS
RxCFEH�á��Z\[�Aá�)[�e}|�WYRLp��?RæeF��]��JR�R�=ÍEiZYRn[JEnm CFj�C1��u�[JE�]UZ\e?[áeF�
�Pu�W\]�ZY��W\ZrEiZ\]!m1CFW\WYe}|vRxpé��eFSB]U��R�EieFSUSURLE�])EiRL[?]USUCFW\Z\]!m=��ZY[�p�Ri]�RLS 3
��ZY[JC}]UZ\e?[#ZY[Np�C}]HCéCFj)|QRnWYW&CFjB]U��R�R21/]�SHCFEi]�ZYeF[#eX�Q]���RÍEneFSUS�R�3
j��%eF[Jp�ZY[��éR2=ÍEnZ\RL[JEim_3�Cz�FRnSHCX�?RLp=[/u��P�qRLSheX�D�JCXS�]�ZrEiZY�JCF[?]HjnAÍl
EneF���JCFS�Zrj
e?[éeX��]���R�p�C}]HCÍCX[qpé]���R�M#y j
ZY�buJWYCX]�ZYeF[Jj�m^ZYRnWrp�Rxp
CF[êe}�?RnSHCXWYW�R2=ÍEiZYRn[JEnmÍeX�
� e
B�� A
f�Rxj
u�W\]Uj2eF��]���R��BWYCFu��%RnS�EnCFWYEnu�WYCX]�ZYeF[Jj�Z\����WYRn��RL[?]URLpPZ\[b]���R

M�y |QRnSUR�uJj�RLp�]�e1RLj
]�ZY��CX]�R�]U��RæCz�FRLSUCF�FRP]�eF]UCXWv[/u��b�%RnSgeF�
[/uJEnW\RLeF[��JCFS
]UZYEnZ\�qCX[^]UjLK��Ø�������! #"nKF]U��R�[/u��P�qRLS&eF���qCXS�]�ZrEiZY�JCX[^]Uj
ZY[�]U��R�Z\[qEiZrp�Rn[^])�FeFWrp K��Ø��$&%�����! "iKaCX[Jp�]���R�p�RLu�]�RLS�e?[aK'�¡��(���#�) "�K[/uJEnW\RLZØK�C?j�|QRnWYW%C?j�]U��R�[/u��P�qRLSveF����ZY[JCXSUm�EneFWYW\Zrj�Z\e?[JjnK&�¡� \+*#, , "�K
��e?S�RLC?EH��EnRn[^]�SHCXWYZÔ]!m��JZ\[XG¡j�RnRg�2CX�JW\R)� I�A
�D��R&p�Ri]UCFZ\WrjaeF��]���RvCX[JCFW\m�j�ZYj�W\RxCFp�ZY[��D]�e�]���R&��RxCFj�u�SURn��Rn[^]Uj

eF�Bp�� \�]4^}p>` EnCX[ �%Ré��eFu�[Jp ZY[,f�Ri�!A 8�9�D*: A"�D��R=��RxCFj�u�S�Rxp
pJ��\N]_^}p>`P|QC?j�Eie?S�SURLEi]�Rxpg��e?S��JCXS�]�ZrEiWYRLj�|��JZYEH��|QRnSUR�CX�Jj�eFSU�qRxp
e?S���SUe/p�uJEiRxp+Z\[ ]��JR1j
uJS�SUeFu�[qp�Z\[J����CX]�RnSUZrCXW�CF[Jpá��eFS���RLRLp43
p�e}|�[æ��SUe�p�uJE�]Hjv��S�e?� |vRxCXGÍp�RxEnCzm�j&eF��[�RLu�]�SHCXW j
]�SHCX[��?R��JCFS 3
]UZYEnW\RxjnA.-�[JEnRnS�]UCFZ\[^]�ZYRLjÍZ\["p�� \�]4^}p>` CFjUj
e�EiZrC}]URLpá|�ZÔ]U�+]���Rxj
R
EneFSUS�RxE�]UZ\e?[JjDSUCF[��FR)��SUeF� Q � ZY[é]���R��BE�]HCX�Fe?[éu��=]�e A*e�� ZY[
]U��Rbf�ZY[��^jnA��D��Rxj
Rbu�[JEiRLS
]HCXZY[^]�ZYRLj�p�eF��Z\[qC}]�Rg]���R�j
m�j
]�Rn��CX]�ZrE
RLS�SUeFSHjLA
�2Z\�?u�SUR 9 j���e}|�jô]��JR �Jj
RLuJp�e?SUCF��ZYp�ZÔ]!m p�Zrj
]�SUZ\��u�]�ZYeF[Jj

eF� ��SUZY��CFS�m EH�JCXSU�FRxp �JCFS
]UZYEnW\Rxj ��eFS pt?9l�u Eie?W\WYZrj
ZYeF[Jj
CX] M O ò ò c A*R�R �BRn� ZY[ ;J�FR�EnRn[^]�SHCXWYZ\]!m ��ZY[Jj4CF[Jpä��eFS
��ZY[�ZY�bu��73µ��ZYC?j,Rn�?Rn[^]UjLA l p�Ri]HCXZYW\Rxp�p�ZYjUEiuqj�j�Z\e?[�eX�NeFu�S
��ZY[�ZY�bu��73µ��ZYC?jDp�ZYj
]�SUZY��u�]�ZYeF[éEnCF[ê�%RB��eFu�[qpæZY[�f�Ri�!A 8�9<R�: A�l�j
Cæ��u�[JEi]�ZYeF[�eX�DEieFWYWYZYj�Z\e?[#EnRn[^]�SHCXWYZÔ]!m?K�]���R�ZY[^]�Rn�?SUCX]�Rxp1EH�JCFS��?RLp
�qCXS�]�ZrEiWYR=�bu�W\]�ZY��WYZYEnZÔ]!m Z\[+]U��R���RLC?j
uJS�RxpáSURn�?Z\e?[ G�f `�fag Sau D I
CF[Jp ]U��R Rxj!]UZ\��CX]�RLp ]�eX]HCXWéEH�JCXSU�FRxp �JCXS�]�ZrEiWYR4�Pu�W\]�ZY��W\ZrEiZ\]!m
R�1/]�SHCX�%eFWrC}]�RxpV]UeN]��JR�u�[���RLC?j
uJS�RxpáSURn�?Z\e?[+uJj
ZY[��N�?u�ZYpJCX[JEnR
��SUeF� ]���R�j���Z\�ß]�RLp+� ?0[^uqEiWYRnuJj�p�CX]UCxG¡j�RnR��2ZY�JA A IPCFS�Ré��SUR23
j�Rn[^]URLp Z\[t�2CX��WYRN��A0�D�JRVEiRn[^]USUCFW\Z\]!m"��ZY[Jj R 3 A�R�� CF[Jp e�R 3
9$R�R/� Eie?S�SURLj��qe?[Jp1]�e=]U��RÍ��e?j
]bEiRL[?]USUCFW&CX[qp�]���RÍ��e^j!]g�%R23
SUZY����RnSHCXWBEie?W\WYZYj�ZYeF[JjLK�S�Rxj
�%RLEi]�ZY�FRLW\m?A��D��R1�qj
RLuJp�eFSHCX�JZYp�Z\]!m ZYj
��RxCFj�u�S�Rxp�Z\[Í]���RB[/uJEiWYRne?[>3Ê[/uJEnW\RLeF[�EiRL[^]�RnS�3µeX�(3µ��C?j�j���SUCF��R�0�C
[JRn�?CX]�ZY�FR)�Jj�RnuJp�eFSHCX��Zrp�Z\]!mêEie?S�SURLj��%eF[Jp�jv]Ue�]���Rb�FeFWrpê[^uqEiWYRnuJj
p�Z\SURLEi]�ZYeF[aA ��eFS�]U��R���e?j
]æEiRL[^]�SHCXW�EneFWYW\Zrj
ZYeF[qjnKv]���R1��RxCX[x`
eF��]���R p�ZYj
]�SUZY��u�]�ZYeF[tZrj1��eFu�[Jp ]Ue4�%RV[�RL�?C}]UZ\�?RFKgSUR21qRLE�]UZ\[J�
]U��R�[�Ri]éW\e?[��FZ\]�uqp�Z\[qCXW)��eF��Rn[^]�uJ� eX�g]U��R#�qCXS�]�ZrEiZY�JCX[^]UjêZY[
]U��R WYCF�qe?SUCX]�e?S�mtG¡�0�CIê��SHCX��RFA���e?Sé��e?S�R �%RnSUZ\�J��RnSHCXWhEie?W 3
WYZrj
ZYeF[JjLKg]U��R ��RxCX[i`÷]URn[JpJj�]Ue4wnRLS�e CFj�]���R+p�Zrj!]US�ZY��u�]UZ\e?[
�%RLEneF��RLj2��eFSURvj�m/����Rn]�SUZYEFA��JeFS���RLCFj�u�SURn��Rn[^]Hj�eF�qp�?�l�u�ZY[
]U��Rb[/uJEnW\RLeF[>3µ[/uJEiWYRne?[�EiRL[?]URnS�3ÊeF�(3Ê��C?j�j�j�m�j!]URn�']���R��^CFEie?��ZrCX[
�%Ri]!|QRnRL[,p���\N]_^}p�m CF[Jp+p���\N]_^}pa`á[JCX]�u�SHCXWYWYmV��SUe/p�uJEiRxj�]���R
TUp�eFuJ��W\R�3Ê�/u���� Væj!]US�uJEi]�u�SURbZY[1p�� \�]4^}p>`éRn�?Rn[�Z\��]��JRnSURbZrj�[�e
j
]�SUuJEi]�u�SUR)Z\[=p�� \�]_^Xp�m�A
��e}|hK/|QRhEieF���JCFS�RBeFuJSDp6?Nl�uêSURLj�u�W\]UjQ|�Z\]��é�m?tltp�C}]HC

e?��]UCFZ\[JRLp C}]éW\e}|QRnSéRn[JRnSU�FmFK)CX[qp4p�Zrj�EnuJjUj�]���R Rn[JRnSU�Fm"CX[qp
EnRn[^]�SHCXWYZ\]!m p�Rn�%Rn[qp�Rn[JEnR�eX�)]U��R1p�CX]UC�A �2Z\�?u�S�R A EneF���JCFS�Rxj
pJ� \N] ^}p>`ép�Zrj!]US�ZY��u�]UZ\e?[Jj0eX�&p[?ál�u1]�eÍ�E? ~��buJWYj�Z\e?[ G¡~&� I
EneFWYW\Zrj�Z\e?[JjÍC}] ;J�FR1Rn[�RLS��?Z\Rxj 8 9�S K 9 Q : K�Z\[,]U��R1R�Y%RxE�]UZ\�?R1SURLj
]
��SHCX��RPeX�&�%eX]U��]��JRP��SUeX_!RxE�]UZ\WYRHT��qRxCX� VHGØC
I0CX[Jp�]UCXSU�FRn][G�� I�A



B

-10 -8 -6 -4 -2 0 2 4
0

1

2

3

4

5

η
/d

ch
d

N

beam-yη

 a)
p + Emulsion

NN
s

38.7 GeV
23.7 GeV 

19.4 GeV 
11.2 GeV
 6.7 GeV 

200 GeV (1/1.6)dAu (50-70%)

-2 0 2 4 6 8 10 12
0

1

2

3

4

5

η
/d

ch
d

N

target+yη

 b)

� ´�õ0ø Ý��)Ð «L¨^©U¯�«��#�hÚ2§xÛhÄ^«n¥!­®Ë�§x¨=§nÎQÕFª üßý�� Õ?ìêÕ?­®Ëµ¬�¥!­®±^ÌF¬!­®§x¨^Ë�Îr§n¥Õ�ï#¤&Ì�ÏH§x¯®¯®­®Ë�­Ô§L¨^Ë�«i¬ ð ñ ò ò ó Ýn·x·gõQ©Hö"¬!§gÄæï��aÛÜÏU§x¯®¯®­ÔË�­®§L¨^Ë
� Ë�Ì^Û4§LÎqË�Â^§�Ó2©U¥�«L¨^Õh¦L¥
«H²h¬�¥
«LÏ
ÁXË���«n¬ �/Ãz©�©H¨?©U¥!¦x­®©HË��dÆiÈX³�Æ�¶�	�ø�Ù�Â^©ì�Ûh©H«LË�Ì?¥!©HÕ�­Ô¨�¬!Â?©�ÏU©H¨}¬!©U¥�»¡§LÎY»¡Ûg«nË�ËvËµ²FËµ¬!©HÛ Â/«nËQ±�©H©U¨�Ë�Â^­dÎY¬!©�Õ�¬!§ì	�æ²�

� ��� ­®¨Í§L¥
ÕF©U¥v¬!§hËµ¬!Ì^ÕF²P¬!Â^©DÎY¥
«n¦xÛh©H¨}¬
«i¬!­Ô§L¨�¥!©H¦x­®§x¨?ËD­®¨�¬!Â^©Õ?©UÌ?¬!©U¥!§L¨��nÄF¥!§L¬!§L¨#¥!©HËµ¬gÎY¥
«nÛh©xø Ð «L¨?©H¯&±��#��Ë�­®Ûh­®¯Ô«n¥g¬!§éÄ/«n¨^©H¯&«��±^ÌF¬�Ë�Â^­dÎ\¬!©�ÕP¬!§BìDï=² � � ��� � � ­®¨P§L¥
Õ?©�¥�¬!§BËµ¬!Ì/ÕX²h¬!Â^©QÎ\¥
«L¦LÛh©H¨}¬
«n¬!­®§x¨¥!©H¦L­Ô§L¨^Ë&­®¨P¬!Â^©�¦L§x¯ÔÕ�����Û0Ì^¯®Ë�­®§x¨�¥!©UËµ¬&Î\¥
«LÛh©xø

��e?Sg� ?'~��ôp�C}]HCé]���Ræ�Jj
RLuJp�e?SUCF��ZYp�ZÔ]!m1p�ZYj
]�SUZ\�Ju�]�ZYeF[JjbS�RL�>3
SURLj�Rn[^]0]U��R�j
uJ� eX�Dj
��e}|QRnS)CX[qp1�?SUCzm�]�SHCFEHG�jLAg�µ]gj
�JeFu�Wrp1�%R
[�eF]�RLp�]U�JC}]7`#Zrjg��RxCFj�u�S�Rxp�Z\[ C=p�Z Y�RnSURn[^]PSURi��RLS�RL[JEiR���SHCX��R
��eFSBpK?ál�u1CF[Jp�� ? ~&�éAD�D�JZYj���RxCX[Jj�]��JCX]LK�Eie?���qCXSURLpê]�e
pp?Bl�ugEieFWYWYZYj�Z\e?[JjLKi]��JR��K?V~&�4�Jj�RnuJp�eFSHCX��Zrp�Z\]!m0p�Zrj!]US�ZY��u�]UZ\e?[Jj
CXSURÍj�u�����SURLjUj
Rxp1�/m1]���Ræ�^CFEneF��ZrCX[#��eFSK`6?Vm  �#� ���  � R A��D��R
S*R 3 W*R�� EiRL[?]USUCFW\Z\]!m���Z\[áeX��pU? l�u Eie?W\WYZYj�ZYeF[Jjb|QC?jPj�RnWYRLEi]�RLp
ZY[Üe?SUp�RLS1]Ue÷��CX]UEH� CFj�|vRLW\WÍC?j��qe^j�j�Z\�JW\R+��$&%���#�! ^X��(���#�! ]�e
��������#�) ^}� ����#�) |���RnSUR �Ø� ���#�! G¡�J~��bI#" c B A D A)�D�JRPSURnWrC}]UZ\�?Rb[�e?S 3��CXWYZ\wxC}]UZ\e?[ÍeX�a]U��R)p�� \N] ^}pa`P��e?SQpn?÷l�u�CX[JpÍ�n?÷~&� EneFWYW\Z�3
j�Z\e?[Jj�SUR<5^u�ZYSURLj2C�SHC}]UZ\e0eX� �Ø�������! <GØp�l�u I " � �¡� �����! �G��q~��bI " c 9 A Q�Kj�uJEH� ]��JCX]Í]���R#p�C}]HCNEieFSUSURLj��qe?[JpV]Ue ]���R#j�CF��R=[/u��P�qRLSÍeX�

1 10 10
20

5

10

15

20

25

30

a)

 〉
/2

 
p

ar
t

 N〈/
ch

N

 〉 part N〈

200 GeV d + Au  
200 GeV d + Au  Min-Bias
200 GeV Au + Au 

 + p inelastic p200 GeV 
 + p NSD p200 GeV 

0 2 4 6 8 10 12 14 16
0

2

4

6

8

 E178
b)

partN2
1

 = A R

 
chp

p
/N

ch
=N

A
R

 〉 part N〈

200 GeV d + Au  

200 GeV d + Au  Min-Bias

 + Pb+ K

 + Pb+π 
 p + C

 p + Cu

 p + Pb

� ´�õ0ø}¹���Ð «L¨?©H¯/«��#�aÙ%§L¬
«n¯�­®¨X¬!©U¦L¥
«n¬!©HÕ)Ï�Â^«n¥!¦x©HÕgÄ^«n¥�¬!­®ÏH¯®©&ÛBÌ^¯d¬!­®Ä^¯®­®ÏU»­®¬Ø²bÄ�©U¥�Ä/«i¥�¬!­ÔÏU­ÔÄ^«L¨}¬&Ä/«n­®¥&­®¨�ÕDï1¤&ÌJ³^¤vÌDï1¤&Ì � ¶�	�³�Ä ���Ä��JïéÄ�­®¨?»©H¯Ô«LËµ¬!­®Ï �dÆ�º�	�«n¨/Õ�Ä ���Ä��Jï�ÄÍª�¾Xã � Ýn·�	aÏH§x¯®¯®­®Ë�­®§x¨^Ë�«i¬D¬!Â^©�Ë!«LÛh©0©H¨?»©U¥!¦L²}³ ð ñnò ò-ó ÝL·x·gõQ©UöBøXÐ «L¨?©H¯/±��#�aÙ�Â^©�¥
«n¬!­®§�ç ú ó ª üßý�� ª
ÿHÿ
üßý ³Ó�Â^©U¥!©�ª ÿHÿüßý ­®Ë%¬!Â?© ¬!§L¬
«L¯}¨XÌ?ÛB±�©U¥J§LÎ?Ï
Â/«n¥!¦L©�Õ�Ä/«i¥�¬!­ÔÏU¯Ô©UË%Îr§n¥ ­®¨^©H¯Ô«LËµ¬!­®ÏÄ ���Ä��qï=Ä ÏH§L¯®¯Ô­®Ë�­®§x¨?ËH³Í«LË#«áÎYÌ^¨^Ï�¬!­Ô§L¨ §nÎ�¬!Â^©�¬!§n¬
«L¯�¨XÌ?ÛB±�©U¥�§LÎÄ/«n¥�¬!­®ÏH­®Ä^«L¨}¬�¨XÌ^ÏH¯®©H§L¨^Ë þ ª ÿ�� � � � Îr§L¥æÕF­���©U¥!©H¨}¬�ÏH§L¯Ô¯®­®Ë�­®§x¨+Ëµ²FËµ¬!©HÛhËHøÙ�Â^©! #"aïDÐa±q³iÄ/ï�Úv³HÄ�ï�Ú2Ì�«n¨/Õ�Ä�ïDÐa±DÏH§L¯®¯Ô­®Ë�­®§x¨?Ëa«n¥!©aÎr§n¥ ð ñ ò ò óÆ�ºFø ¸F³2Æ�¹Xø Ç�«L¨^ÕêºXø ¶Lº�õQ©Hö�³%«n¨/Õ�¬!Â^©0Ñ " ïDÐ�±ÍÎr§n¥ ð ñnò ò,ó ÆH¹Fø Ç«L¨/ÕBºFø ¶xº�õQ©Hö�Î\¥!§xÛ4çv©�ÎÊø/� Ý}Æ 	�³z¥!©HË�Ä�©HÏU¬!­®Ãz©U¯®²}ø � §L¥a¬!Â^©&Õ�ï�¤vÌ0«L¨^Õ¤vÌgïN¤vÌ�Õ?«n¬
«�¬!Â^©b©U¥�¥!§n¥)±/«i¥!ËB­®¨/ÕF­®Ï�«n¬!©g¬!Â^©bËµ²FËµ¬!©HÛg«n¬!­®Ïg©U¥�¥!§L¥!Ë

� ºx·�� Úvø °�ø ��ø=Ù�Â?©bÕ^«LË�Â?©�Õ=¯®­Ô¨?©b¥!©UÄ?¥!©HË�©H¨}¬!Ë�¬!Â^©g¯®­Ô¨?©�«n¥B¥!©H¯Ô«n¬!­®§x¨J³ç ú ó £¿/þ ª ÿ�� � � � ø

[/uJEnW\RLeF[Jj1Z\[^]URnSHCFE�]UZ\[J�,|�ZÔ]U�t]���Rá[/uJEiWYRnuJjLA l S�RL��CFS�G}CF��W\m
�?e/e/p CF�FSURnRn��RL[?]bG¡W\ZY��ZÔ]UZ\[��1��SUCF�F��Rn[^]HC}]�ZYeF[ I�Zrjge?�Jj�RnSU�FRLp#ZY[
]U��RQ��SUCF�F��Rn[^]HC}]�ZYeF[PS�RL�FZYeF[Jj�eX�q]���R�p�Rnu�]URnSUeF[ G¡�Fe?WYp I��%Ri]!|QRnRL[
p ? l�u�CX[qp÷� ? ~�� EieFWYWYZYj�Z\e?[Jj�CX]�p�Z�Y%RLS�RL[^]1Rn[�RLS��?Z\RxjnA
�Ju�S�]���RLS���eFSURFK�]���RPe}�FRnSUWrCX���qRn]!|vRLRn[é]��JRg��SHCX�F��RL[?]HC}]UZ\e?[�SUR23
�?Z\e?[Jj�eF� ]���R)p�RLu�]�RLS�e?[ G��Fe?WYppI�CX[qp���SUeX]�e?[HG¡~&�bI�R21/]URn[Jp�j&]�e
WYe}|QRnS6f `�f^|�Z\]���Z\[JEnS�RxCFj�Z\[J�PEie?W\WYZrj
ZYeF[êRn[�RLS��?mFA2��[�f�Rn�!A 8 9FW<: |QR
SURn�%eFS�]�RxphC�j�Z\��ZYWYCFS�EneF���JCXSUZrj
e?[B�Ju�]���e?S���eFSUR&EnRn[^]�SHCXW/p�?gl�u
CF[JpÜ� ?B{�� 8 B*: Eie?W\WYZYj�ZYeF[JjLA �D��ZYjVR21/]�RL[Jj
ZY�FR+WYeF[��?ZÔ]UuJp�ZY[JCXW
jUEnCFW\ZY[��qKgCXWrj
e,j�RnRn[tRxCXSUW\ZYRnS=ZY[t�jG�o� Ij?V� 8 A�: Kg� ? l 8�9<eF: K
CF[Jpæli?÷l 8vW$: Eie?W\WYZrj
ZYeF[JjLK�j
uJ�F�FRxj!]Hj�]U�JC}]D]U��Rhp�eF��ZY[JCX[JEnR0eF�
]U��Rh]!|Qe���SUCF�F��Rn[^]HC}]�ZYeF[�SURn�FZYeF[qjDZYj�C�EneF����eF[=WYeF[��?ZÔ]UuJp�ZY[JCXW
��RxC}]Uu�S�R)eF��CFW\W �Pu�WÔ]UZ\�qCXS�]�ZrEiWYRB�JS�e�p�uJEi]�ZYeF[é��SUe�EiRLjUj�RLjLA
�2Z\�?u�SUR B C�j���e}|�j0]��JR�]�eX]HCXW�ZY[^]�Rn�?SUCX]�Rxp1EH�JCFS��?RLp��qCXS�]�ZrEiWYR

�Pu�W\]�ZY��W\ZrEiZ\]!mÍ�%RnS��JCFS
]UZYEnZ\�qCX[^]Q�qCXZYSv��e?S�p ? l�uaK�l�uZ? l�u 8 Q :
EneFWYW\Zrj�Z\e?[JjnK ��G o� I�?V� Z\[JRnWrCFj
]�ZrE 8�9<PF: CX[Jp#�jG�o� I�?N�N�Bc�O 8 A*R�:
CFW\WaCX]�]���RPj�CF��R)RL[�RnSU�Fm?K M O ò ò c A�R�R �BRn��KJCFj�C���uJ[JE�]UZ\e?[
eF�?]U��R�]UeX]UCFWF[/u��P�qRLSaeX���JCFS
]UZYEnZ\�JCF[^]UjLAa�D��R�SURLj�u�WÔ]Hjaj���e}|1]U�JC}]



D

-4 -2 0 2 4
0

5

10

15

20

25
 η

/dp
p ch

 / 
d

N
η

/d
d

A
u

ch
 d

N

η

0-20%

20-40%

40-60%

60-80%

80-100%

0 2 4 6 8 10 12 14
0

5

10

15

20

η
/d

ch
p

p
 / 

d
N

η
/d

chd
A

u
d

N

〉 part
Au

 N〈

 -4.2 ≤ η ≤-4.6 

 -3.6 ≤ η ≤-4.0 

 -3.0 ≤ η ≤-3.4 

 -2.4 ≤ η ≤-2.8 
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